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BACKGROUND OF THE INVENTION 

Field of the invention : 

[0001] The present invention relates to a phosphorescent material, and more particularly to a 
photoluminescent phosphorescent material containing an alkaline earth aluminate and method for 
making the same. 
Description of the Prior Art : 

[0002] Photoluminescent materials are well known in the art. They provide substance in 
material whereby items "glow in the dark" after having been exposed to light, either natural or 
artificial. These items range in use firom watch faces, novelty items and the like to safety 
features such as Ughted exit signs. An important feature of such materials is their decay time, or 
resident time that will remain luminescent and visible when the surroundings that the material is 
used in become dark. 

[0003] In recent years, it has become important to use such materials in exit way lighting, such 
that a emergency exit way can remain lighted even after electrical power has been cut. With this 
type of material, the exit lighting absorbs light energy or radiation firom the ambient lighting 
within a stairwell, for example, and can remain photoluminescent for long periods of time after 
the electricity has been cut. Very bright materials generally comprise phosphorescent materials 



such that the ambient light that they provide is very bright for an extended period of time, such 
as 12-24 hours. 

[0004] Historically, there has been considerable commercial interest in the optical properties of 
rare earth activated alkaline earth (AE) aluminates due to their suitability in a variety of 
appHcations. Significant growth has taken place in markets such as opto-electronics, 
telecommunications and optically active commercial products including architectural lighting, 
building products and way-finding systems. With respect to the appUcations in the artificial 
Ughting and illxmiinated display technology areas, AE alimiinate materials have recently become 
important due to their greatly improved persistent photoluminescence properties relative to 
existing phosphors based on zinc sulfide (ZnS) and related phosphors. Among the most actively 
studied and commercially useful aluminates are those based on the system SrO-AliOa, in which a 
number of stoichiometric oxide compounds are formed and remain stable at room temperature. 
Several of these oxide phases become optically active when alloyed or doped with certain rare 
earth metals (REM*s). The optical emission is attributable to the modifications of the electronic 
structure that arise relative to the unalloyed or non-doped host alimiinate crystal. 
[0005] Of particular importance in the phenomenon of persistent afterglow phosphorescence or 
photoluminescence are the strontium aluminates that are activated with small amounts of rare 
earth-containing oxides and compounds. Very early work indicated that persistent 
photoluminescence was obtained by adding 2-8 mole percent EU2O3 to an equimolar mixture of 
strontium carbonate (SrCOs) and aluminum hydroxide A1(0H)3. Subsequent work near the 
composition SrAl204 extended the concept of Europium additions to include all other rare earth 
metals (REM) including Dy, La, Ce, Pr, Nd, Sm, Gd, Tb, Ho, Er, Tm, Yb, and Lu. 
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[0006] It has become common practice to chemically identify optically active inorganic 
materials such as the AE aluminates that have been doped by indicating the stoichiometry of the 
oxide phase followed by the dopant chemical identity. Thus, the above-mentioned materials are 
denoted in the literature as SrAl204:Eu,Dy or SrAl204:Eu,Dy,Pr, etc. Where indicated, these 
additional dopants serve as co-activators and in certain specific formulations they have been 
found to enhance the photoluminescence behavior of the base Eu activated strontium aluminate 
or SrAl204:Eu and several other Sr aluminates. 

[0007] The precise quantum mechanical mechanisms that govern this behavior in the AE 
aluminates have not been completely and unambiguously identified at this time. However, there 
is sufficient experimental and theoretical evidence to indicate that the process of electron / hole 
trapping of photostimulated carriers due to the presence of dopant species gives rise to the long 
decay time phosphorescence observed in these materials. 

[0008] For example, the photoemission extinction time that marks the cessation of afterglow 
phosphorescence was found to increase by a factor of 10 to 15 for SrAl204 that is co-doped with 
about 1 .5 mol% of Eu and Dy or Eu and one ore more of the rare earth elements mentioned 
above. The extinction time is commonly defined as the time required for the afterglow 
photoemission to diminish to 0.032 millicandela per square meter (mcd/m^). This value, though 
somewhat arbitrary, is approximately 100 times the commonly accepted limiting hght intensity 
that can be detected by the human eye. 

SUMMARY OF THE INVENTION 
[0009] It has been discovered that small additions of Scandium (Sc) m the form of SC2O3 
incorporated as a ternary or quaternary co-activator to SrAl204:Eu,Dy,REM result in a 



photoluminescent oxide material that possesses an improved persistent afterglow intensity 
relative to both traditional ZnS and certain formulations of strontium aluminate such as 
SrAl204:Eu,Dy at long extinction times (in the range 1- 3 hours after optical excitation). 
Persistent phosphorescence may also be obtained in applying the invention to other Eu and Dy 
doped oxide compositions within the SrO-AlaOs system such as SrAl407:Eu,Dy, 
SrAli20i9:Eu,Dy, Sr4Ali4025, and mixtures thereof. 

[0010] Also disclosed is a method for preparing the scandium containing photoluminescent 
material using standard processing techniques. The usefiil range of SC2O3 additions has been 
found by experiment to vary from about 0.01 to about 3.0 mole percent in SrAl204 that has been 
doped with EU2O3 and Dy203 or with EU2O3, Dy203 and one other REM oxide. The example 
embodiments of the present invention discussed herein refer to SrAl204:Eu,Dy based phosphors 
whose total dopant concentration is in the range of 0.6 to 10 mole percent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1] Various other objects features and advantages of the invaition will be readily apparoit 
according to the following description exemplified by the drawings, which are shown by way of 
example only, wherein; 

[0012] Figure 1 is a graph showing the afterglow performance according to a first embodiment 
of manufacturing the invention; 

[0013] Figure 2 shows the afterglow characteristics according to a different methodology for 
manufacturing an embodiment of the present invention; 

[0014] Figure 3 is a graph showing the afterglow performance according to a second 
embodiment of manufacturing the invention; and 



[001 5] Figure 4 is a graph comparing afterglow characteristics of a third formulation mixed with 
and without scandium. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[001 6] The present invention provides an improved photoluminescent phosphor based on the 
alkaline earth aluminates. Examples of the new phosphor include SrAl204:Eu,Dy doped with Sc 
(via incorporation of SC2O3), SrAl204:Eu,Dy,Gd doped with Sc, SrAl407:Eu,Dy doped with Sc 
and Sr4Ali4025:Eu doped with Sc. Improvements in the long time persistent afterglow 
characteristics of the photoluminescent material are achieved by undertaking various doping or 
co-doping procedures that involve the use of scandium oxide or other scandium containing 
feedstocks (such as chlorides or fluorides of Sc) in combination with rare earth containing oxides 
or feedstocks. Examples based on Eu, Dy, and Gd are provided, but the invention is applicable 
to all rare earth additions mentioned above. In practice, acceptable performance improvements 
are obtained by adding Sc in the form of SC2O3 to the above mentioned strontium aluminates in 
the range of 0.01 to about 3.0 mole percent. Although the present invention is discussed as 
having a base alloy comprising strontium (Sr), it will be understood by those skilled in the art 
that similar base elements may be utilized, such as barium, magnesium, calcium or any 
combinations thereof. 

[0017] In general, oxide phosphor materials synthesized using this invention can demonstrate 
enhanced photoluminescence intaisity and/or improved long time pCTsistence of the afterglow 
photoemission when Sc is added as noted above. For many appUcations involving 
phosphorescent pigments, paints and related product forms, long persistence times are preferred 
especially in the areas of way-finding and anergency exit / egress signage. The enhancement of 
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the intensity of photoluminance during periods of power failure and darkness is desirable in 
order to meet or exceed existing regulations and specifications for these materials. 
[0018] Without intending to be bound to any particular theory or hypothesis, it is believed that 
the incorporation of Sc into the strontium aluminate phosphor, in combination with the REM 
activators defined previously, results in the development of more efficient and/or more numerous 
traps or trapping centers for photostimulated electrons and holes. It is believed that an increase 
in the efficiency and number of such defects leads to a higher time dependent carrier density and 
therefore a more pronounced afterglow intensity during the process of radiative recombination of 
the electrons and holes during the decay period. 

[0019] The alkaline earth aluminates of the present invention can be manufactured by standard 
powder processing techniques. In the most general method, the photoluminescent product is 
synthesized by combining the strontium oxide or carbonate, aluminum oxide, fluoride or 
hydroxide, activator oxides or feedstocks including those of Eu, Dy, Gd, and Sc and, if desired, a 
flux material. The flux is generally a boron containing oxide or hydroxide such as anhydrous 
boric acid (B2O3) or (H3BO3) and its primary role is to improve the reactivity between the 
strontium and aluminum feedstocks, which leads to the formation of the basic strontium 
aluminate phase of interest: 

[0020] It is accepted and standard practice to combine the phosphor components, usually in the 
fom of dry powders, by mixing the components in a mechanical blender or mixing mill in order 
to obtain a homogeneous dispersion. Usually the strontium aluminate components are mixed at 
the stoichiometric compositions indicated above, but some deviation (in the range of 1 to 5%) 
fiom the exact proportions is permissible and degradation of the photoluminescent performance 
is not observable. It is also noted that in the practice of the present invention that the strontium 



carbonate component typically contains minor amounts of barium (Ba), magnesium (Mg) and 
calcium (Ca). These impurities are typically inherited into the final strontium aluminate crystal 
structure. However, their presence does not result in appreciable degradation or alteration of the 
persistent phosphorescence of the final material. 
Examples 

[0021] In one application of flie present invention to produce SrAl204:EuJDy,Gd,Sc the 

following materials and quantities were combined in a powder mixer: 

SrCOs (1.0 mole) 
AI2O3 (1.0 mole) 
EU2O3 (0.005 mole) 
DyaOa (0.01 mole) 
GdaOa (0.005 mole) 
SC2O3 (0.005 mole) 
B2O3 (0.2 mole) 

[0022] The powdered materials are then agitated for several minutes in a blending vessel in order 
to achieve a uniform powder mixture. Subsequent to mixing the powder is loaded into a 
pelletizing press and isostatically compacted under a pressure of 25,000 psi. The powder pellets 
are then loaded into a circulating air fimiace at a temperature below about 250C until a uniform 
temperature is achieved. The pellets are then heated to a temperature above 800C in a 
circulating air fiimace for a period of 4 to 8 hours in order to permit calcination of the strontium 
carbonate followed by formation of the strontium aluminate according to the intended 
stoichiometric reaction. An example reaction is: 
SrC03 + AhOj-^ SrAl204 + CO2 

[0023] Subsequent to this reaction sintering step, the sintered material is optionally crushed or 
milled to an intermediate powder form of 120 mesh and thrai re-pelletized according to the 
procedure described above. However, in cases where the initial pellets possess a high surface to 



volume ratio the re-crushing step may not be necessary. The powder or pellets are then heated to 
a temperature between 1100 and 1350C for a period of 2 to 6 hours in a flowing gaseous 
atmosphere of N2 - 5% H2. This final heat treatment is performed in order to fix the valence 
state of the Eu coactivator to Eu^"^. In yet another application to produce strontium aluminate 
phases by the present invention, it is permissible to mix the precursor oxide materials comprising 
strontium carbonate, alumina, anhydrous boric acid, rare earth and scandium oxide phases in a 
dry media ball mill for one to several hours. The action of the ball mill serves to homogenize 
and refine the individual oxide phase particle sizes to an extent that permits the calcination and 
strontium aluminate synthesis steps to be combined into a single process. In practicing the 
invention by this method, it is found that a hearing rate of between 100 to 200 degrees Celsius 
per hour to the reaction temperature is sufBcient for achieving the complete reaction and 
synthesis of the strontium aluminate phosphor. It is generally believed that Dy maintains a 
valence state of Dy^* subsequent to this ti-eatment as do the other REM coactivators such as Gd, 
La, Nd, etc., when present. It is fiirther believed that Sc undergoes an ionization step to produce 
a Sc^"^ ion when the strontium aluminate is treated according to tiie above methods. 
[0024] As shown in Figure 1, the afterglow characteristics of this type of composition, with and 
without scandium, are compared. In Figure 1 the strontium aluminate base material was 
synthesized at approximately 1300C and subsequentiy exposed to ulfraviolet excitation for about 
five (5) minutes, wherein it was synthesized at approximately 1450C in Figure 2. The solid 
horizontal line in all of the Figures represents the commonly accepted light detection Umit for the 
human eye under fiiUy dark-adapted conditions. As can clearly be seen the luminescence of the 
materials containing scandium are higher than for those formulations without scandium. 
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[0025] A second application of the invention involves the synthesis of Sr4Ali4025:Eu,Dy,Sc and 
Sr4Ali4025:Eu,Sc according to the method described above wherein the following components 
are combined according to the reaction: 
4SrC03 + 7Al203^ Sr4Ali4025 + 4C02 

in which the following proportions of example feedstocks were utiUzed: 

SrCOs (4.0 mole) 
AI2O3 (7.0 mole) 
EU2O3 (0.005 mole) 
Dy203 (0.01 mole) 
SC2O3 (0.005 mole) 
B2O3 (0.2 mole) 

[0026] Figure 3 shows the photoluminescence performance of this material both with and 
without scandium. The strontium aluminate base material was synthesized at approximately 
1300C. Again, those formulations containing scandium have superior performance compared to 
those without it. 

[0027] Figure 4 shows a further embodiment of the present invention wherein the base material 
has a composition of SrALjOy. It shows similar superior performance characteristics when 
scandium is added. 

[0028] As shown herein, photoluminescent compositions having scandium exhibit superior 
charactCTistics when compared to conventional compositions based on strontium aluminate 
having lanthanide elements such as europium (Eu) and dysprosium (Dy) activators and/or 
coactivators. When the phosphor performance is viewed at a constant total mole fraction of 
added activators and coactivators, replacing a portion of the Eu + Dy elements with scandium 
(or Qven Sc + gadolinium (Gd)) improves the performance relative to the same overall addition 
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of just Eu + Dy. Hence, a transition metal element such as scandium provides an essential 
component leading to improved persistent phosphorescence and is not merely an inert species. 
[0029] These results appear counter intuitive for several reasons. First, the existing prior art of 
phosphor technology teaches that scandium additions are useful in stabilizing the recombination 
events that lead to very short duration phosphors such as occur in plasma screen technology 
applications. That is, scandium is taught as being used for improving the useful characteristics 
of short luminance durations. Further, scandium is a transition metal element, not a lanthanide 
rare earth element as taught in the prior art for photoluminescent materials. It therefore follows 
that because scandium possesses no f shell electrons, it is incapable of electron - hole reactions 
involving the 4f-^ Sad states. The possible energy / charge transfer events due to the 
electron - hole transitions that arise from these states are taught in the prior art as being 
responsible for the long persistence aflerglow phenomenon in strontium aluminate that is doped 
with europium and additional co-activators. Thus, the lanthanide rare earths have been taught as 
preferred co-activator elements because of their electronic similarity to the europium ion. The 
effect observed with scandium additions is therefore outside or beyond what the prior art teaches 
in obtaining a material having long and relatively bright afterglow characteristics. 
[0030] Phosphors made according to the present invention demonstrate improved persistent 
phosphorescence intensity at long times subsequent to source extinction and therefore offer 
improved visibihty for applications involving the use of long persistence phosphors. The present 
invention utilizes the addition of carefully controlled amounts of the element Sc generally in the 
form of SC2O3, ScCla or ScFb. In practice a preferred range for the Sc addition is 0.01 to about 
3.0 mole percent. 



10 



[0031] While specific embodiments of the invention have been described in detail, it would be 
appreciated by those skilled in the art that various modifications and alternations would be 
developed in Ught of the overall teachings of the disclosure. For example, the tube can be a solid 
rod rather than a hollow cylindrical member. Accordingly, the particular arrangements disclosed 
are meant to be illustrative only and not limiting as to the scope of the invention, which is to be 
given the full breath of the appaided claims and any and all equivalents thereof. 
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What is claimed is: 

1 . A photoluminescent aluminate comprising: 

alloy base material including strontium, and a dopant comprising one or more 
lanthanide earth elements and a transition metal element. 

2. A photoluminescent aluminate as recited in claim 1, wherein said lanthanide earth 
elements comprise europium and dysprosium. 

3. A photoluminescent aluminate as recited in claim 1, wherein said lanthanide earth 
elements comprise europium, dysprosium and gadolinium. 

4. A photoluminescent aluminate as recited in claim 1, wherein said base alloy 
material further includes Boron. 

5. A photoluminescent aluminate as recited in claim 1, wherein said base alloy 
material comprises SrAl204. 

6. A photoluminescent aluminate as recited in claim 1, wherein the transition metal 
element is scandium. 

7. A photoluminescent aluminate as recited in claim 6, wherein the scandium 
comprises about 0.01 to 3.0 mole percent. 

8. A photoluminescent aluminate as recited m claim 1, wherein the base alloy 
material comprises Sr4Ali4025. 

9. A photolummescent alimiinate as recited in claim 1, wherein the base alloy 
material comprises SrAUO?. 

10. A photolxmiinescent aluminate as recited in claim 6, wherein the base alloy 
material comprises Sr4Ali4025. 

11. A photoluminescent aluminate as recited in claim 6, wherein the base alloy 
material comprises SrAUO?. 

12. A photoluminescent aluminate comprising SrAl204:Eu,Dy,Gd,Sc wherein the 
following materials and quantities are combined: 

SrCOs (1.0 mole) 
AI2O3 (1.0 mole) 
EU2O3 (0.005 mole) 
Dy203 (0.01 mole) 
Gd203 (0.005 mole) 
SC2O3 (0.005 mole) 
B2O3 (0.2 mole) 
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13. A photoluminescent aluminate as recited in claim 12, wherein said SrCOj and 
AI2O3 are combined to form SrAl204 + O3. 

14. A photolximinescent aluminate as recited in claim 1 3, wherein said SrAl204 is 
heat treated prior to being combined with the remaining material at approximately ISOO^c. 

15. A photoluminescent aluminate as recited in claim 1 3, wherein said SrAl204 is 
heat treated prior to being combined with the ranaining material at approximately MSCc. 

16. A photoluminescait aluminate comprising Sr4Ali4025:Eu,Dy,Sc wherein and 
Sr4Ali4025:Eu,Sc according to the method described above wherein the following materials and 
quantities are combined: 

SrCOa (4.0 mole) 
AI2O3 (7.0 mole) 
EU2O3 (0.005 mole) 
Dy203 (0.01 mole) 
SC2O3 (0.005 mole) 
B2O3 (0.2 mole) 
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